Guidelines recommend the use of simple but comprehensive tools such as COPD Assessment Test (CAT) and Clinical COPD Questionnaire (CCQ) to assess health status in COPD patients. We aimed to compare the ability of CAT and CCQ to predict exacerbation in COPD patients. Methods: We organized a multicenter prospective cohort study that included COPD patients. The relationships between CAT, CCQ, and other clinical measurements were analyzed by correlation analysis, and the impact of CAT and CCQ scores on exacerbation was analyzed by logistic regression analyses and receiver operating characteristic curve. Results: Among 121 COPD patients, CAT and CCQ score correlated with other symptom measures, lung function and exercise capacity as well. Compared with patients who did not experience exacerbation, those who experienced exacerbation (n=45; 38.2%) exhibited more severe airflow limitation, were more likely to have a history of exacerbation in the year prior to enrollment, and demonstrated higher CAT scores. CCQ scores were not significantly associated with exacerbations. A CAT score of $15 was an independent risk factor for exacerbation (adjusted odds ratio [aOR], 2.40; 95% CI, 1.03-6.50; P=0.04). Furthermore, CAT scores of $15 demonstrated an increased predictive ability for exacerbation compared with currently accepted guidelines for the use of CAT ($10) and CCQ ($1) in the assessment of COPD patients (area under the curve for CAT $15, CAT $10, and CCQ $1 was 0.61±0.04, 0.53±0.03, and 0.50±0.03, respectively; P=0.03). Conclusion: A CAT score of $15 indicates increased risk of exacerbation in COPD patients, whereas there is no evidence for increased risk based on CCQ score.
Introduction
COPD is a disease characterized by persistent respiratory symptoms and airflow limitation. The level of airflow limitation, represented by forced expiratory volume in 1 second (FEV 1 ), has been regarded as an important index in the prediction of clinical outcomes; [1] [2] [3] however, correlations between FEV 1 and either symptoms or impairment of a patient's health status have been noted as weak. 4, 5 In fact, the goals of COPD assessment are to determine not only the severity of airflow limitation but also the patients' disease-specific self-perceived health status and the risk of future adverse events, including exacerbations; an additional goal is to guide future therapeutic approaches. 6 Exacerbation leads to an increased frequency of emergency department visits and subsequent hospitalization to achieve symptom relief; furthermore, it results in increased morbidity, mortality, and medical cost, making exacerbation an important The modified Medical Research Council (mMRC) assessment is widely used, and an mMRC score of $2 is still referenced as a threshold to discriminate "more breathlessness" from "less breathlessness." 6 Although the severity of dyspnea is a proven predictor of patient outcomes, including exacerbation and mortality in patients with COPD, 10 a comprehensive assessment of the patients' perceived health status should be used in addition to the mMRC assessment, rather than simple measurement of breathlessness alone.
To estimate the severity of disease-specific symptoms and their impact on quality of life, multiple well-validated and accepted assessment tools have been created. The most notable of these is the St George's Respiratory Questionnaire (SGRQ). The SGRQ is the most widely accepted comprehensive symptom measure, but its complexity and the difficulty associated with its calculations can make it impractical to use; therefore, the COPD Assessment Test (CAT) and Clinical COPD Questionnaire (CCQ) are used as alternatives to the SGRQ. 6 The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines suggest a CAT score of 10 to use as a threshold for beginning regular COPD treatment (more symptomatic), 6 but in the case of CCQ, an adequate threshold is not yet determined. In addition, recent studies suggest that the threshold of CAT for regular COPD treatment needs to be revised upward. 11, 12 It has been reported that symptoms measured by mMRC, 13 SGRQ, 14, 15 CAT, 10, 16 and CCQ 10, 17 are important predictors of COPD mortality and exacerbation. However, there are minimal data regarding which questionnaire (CAT or CCQ) has better ability to predict exacerbation in COPD patients. Therefore, in the current study, we aimed to compare the usefulness of CAT and CCQ scores for the prediction of exacerbation and find the appropriate value for discriminating patients with COPD who are at risk for future exacerbation in a prospective observational cohort of COPD.
Patients and methods study participants and design
The Seoul National University Airway Registry is an active ongoing multicenter, prospective observational cohort that enrolls patients with chronic airway disease. The patients included in this study were enrolled between April 2013 and November 2016 at Seoul National University Hospital (a tertiary care hospital) and between March 2014 and November 2016 at both Seoul Metropolitan Government-Seoul National University Boramae Medical Center and Seoul National University Bundang Hospital (ClinicalTrials.gov identifier: NCT02527486). Patients aged $40 years with post-bronchodilator FEV 1 /forced vital capacity (FVC) ,0.7, who were current or former smokers of at least 10 pack-years, were included in the study. We excluded patients who were diagnosed with other chronic respiratory diseases, including bronchial asthma.
Subjects with COPD were currently undergoing regular follow-up visits, and assessments included in the current study were made at baseline and 1-year visits. Assessments of the current study included demographic and anthropometric data (height, weight, and body mass index), smoking history and severity of dyspnea (mMRC, scale 0-4), health-related quality-of-life questionnaires (SGRQ, scale 0-100; CAT, scale 0-40; and CCQ, scale 0-6), exercise capacity (6-minute walk distance [6MWD]), pulmonary function measurements, and treatment.
All patients signed an informed consent form to participate in this observational cohort. This study was approved by the institutional review board of Seoul National University Hospital.
Clinical measurements
Pulmonary function tests were performed by standardized equipment, and lung volume was measured following the American Thoracic Society 18 /European Respiratory Society (ERS) guidelines. 19 Pulmonary function tests were repeated at least three times to verify reproducibility and validity, and assessments of the results were conducted using computer programs and reviewed by highly qualified physicians. The 6MWD test was performed according to the standardized guidelines; 20 severity of dyspnea was measured with the mMRC scale; and the CAT, CCQ, and SGRQ questionnaires were self-reported by each patient with the supervision of a trained qualified interviewer.
exacerbation
Exacerbation was defined as an event related to the worsening of respiratory symptoms, which leads to use of antibiotics, steroids, or both, or a visit to the emergency room or hospitalization. The date and frequency of exacerbation was measured based on patients' self-report at every 3-month visit. To assess predictability of each health-related questionnaire on future exacerbation, we only analyzed patients who followed up at least a year. For this reason, among 246 patients with COPD, 121 patients were included in the final analysis.
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CaT and CCQ for the prediction of exacerbation in COPD
CaT
The CAT consists of eight items that reflect the most bothersome health-related symptoms and activity limitations of COPD: cough, phlegm, chest tightness, breathlessness on going uphills or stairs, any activity limitation at home, confidence leaving home, sleep, and energy. The scale of each item ranged from 0 to 5 point, and in total ranged from 0 to 40, with higher scores indicating poor perception of disease-related health status. The minimum clinically important difference (MCID) value is 2 points. [21] [22] [23] The GOLD suggests a CAT score of $10 as an equivalent symptom score to an SGRQ $25, which is regarded as the threshold for considering regular treatment for COPD. 6 The Korean version of CAT had been validated, 24 and the previous study has reported a CAT score of $15 to reliably predict future exacerbations.
11
CCQ
The CCQ is composed of 10 items distributed in three domains (symptom, functional, and mental state) assessed by a 7-point scale from 0 to 6, which indicates the best (asymptomatic and no limitation) and worst conditions (extremely symptomatic and limited). 25 The total score of CCQ is calculated by summing the scores of questions applied and dividing it by the number of questions. We applied the previously validated Korean version of the CCQ, 26 which is free for use in noncommercial activities. 27 The GOLD suggests that a CCQ score range of 1.0-1.5 is equivalent to an SGRQ score of 25, and recent studies suggest that the MCID for the CCQ is ~0.4.
statistical analysis
Quantitative variables are expressed as mean ± SD; qualitative variables are expressed as absolute number and percentages unless stated otherwise. Pearson's Chi-square test for categorical variables and Student's t-test for continuous variables were used to compare baseline characteristics. Pearson correlation tests were applied to characterize the relationships of CAT and CCQ with other clinical measurements including SGRQ, FEV 1 , and 6MWD.
The risks of exacerbation during the 1-year follow-up period were investigated. Univariate and multivariable logistic regression analyses adjusted by covariates were applied to identify the risk factors for exacerbation. The area under the receiver operating characteristic (AUROC) curve was applied to compare the prediction ability for exacerbation risk according to CAT and CCQ with different thresholds. We applied 10 and 15 as thresholds for CAT, and used 1.0 and 1.4 as thresholds for CCQ.
All analyses were two sided and set at a significance level of 0.05; P,0.05 was considered statistically significant. All analyses were carried out using Stata version 14.2 (StataCorp LP, College Station, TX, USA).
Results
Participants and exacerbation during follow-up
A total of 246 patients with COPD were assessed at baseline, of whom 121 patients returned for at least 1 year and had CCQ or CAT results that were available for analysis (Figure 1 ). During the 1-year follow-up, 45 patients (38.2%) experienced exacerbation. Participants who experienced exacerbation during 1 year had a lower FEV 1 and had undergone more exacerbation events in the past year before enrollment (1.9±3.2 vs 0.5±1.3 events/year; P,0.01), compared with those who did not experience exacerbation. Those who experienced exacerbation had a significantly higher CAT score than those who did not (19.5±8.4 vs 16.2±7.3; P=0.02); however, there were no significant differences in mMRC grade, SGRQ, or CCQ between the two groups ( Table 1) .
More patients who experienced exacerbation were prescribed combination of inhaled corticosteroid (ICS)/longacting β 2 agonist (LABA) inhalers than those who did not experience exacerbation ( relationship between CaT, CCQ, and other measurements 
CaT and CCQ as predictors of exacerbation risk
A CAT score of $15, a prior history of exacerbation, and a low FEV 1 % were significantly associated with an increased risk of exacerbation on univariate analysis. Even after adjusting for covariates including age, sex, smoking status, FEV 1 %, and treatment with ICS/LABA, a CAT score of $15 was an independent predictor for increased risk of exacerbation (multivariate model 1: adjusted odds ratio [aOR], 2.58; 95% CI, 1.03-6.50; P=0.04). However, the impact of CAT was attenuated when the prior history of exacerbation was added to the multivariate model (multivariate model 2: aOR, 2.40; 95% CI, 0.92-6.25; P=0.07). The other thresholds of CAT and CCQ did not have a significant association with the risk of exacerbation (Table 2) . Figure 3 shows the predictive power of CAT and CCQ scores for COPD exacerbation. A CAT score of $10 and a CCQ score of $1 had similar AUROC (0.53±0.03 vs 0.50±0.03; P=0.40). However, CAT threshold of 15 provided better prediction than CAT threshold of 10 and CCQ threshold of 1 (AUROC, 0.61±0.04 vs 0.53±0.03 vs 0.50±0.03; P=0.03).
Discussion
In the current prospective observational study, we made several important observations. To our knowledge, this is the first study comparing the ability of CAT and CCQ assessments to predict exacerbation, especially in Asian COPD patients. In addition, we have shown that the CAT has a higher capacity to predict exacerbation than CCQ, and that a CAT threshold of 15 reliably predicts exacerbation.
The SGRQ is the most widely accepted comprehensive assessment tool of health status in chronic respiratory disease patients, composed of 50 items and requiring complicated scoring spreadsheets that make it difficult to use in practice. 21, 25, 29, 30 In contrast, the CAT and CCQ are simple, easy to use, and short questionnaires that can be completed in 2 minutes by most patients. CAT and CCQ have both been translated into several languages for noncommercial use and are free of charge for both clinicians and patients. 21, 25 Both questionnaires have been well correlated with the SGRQ, 21, 31 the mMRC dyspnea scale, 16 and each other. [32] [33] [34] [35] The average time for questionnaire completion is slightly shorter for the CAT than for the CCQ, 32 but the CCQ is preferred by a slightly higher number of patients and requires less assistance to complete. 32, 33 The updated GOLD guidelines recommend the use of CAT as a symptom assessment tool for COPD patients, but the CCQ is described as an alternative. On the other hand, the International Primary Care Respiratory Group performed an analysis of nine assessment instruments as "COPD wellness tools" and ranked the CCQ as the best and the CAT as the second best for use in clinical practice. 36 Aside from practical usefulness, these two assessment tools have been rarely validated in Asia; the CCQ is especially not well validated.
These questionnaires are suitable to evaluate health status in COPD patients. 6 Ideally, the assessment of a patient's health status will facilitate the prediction of future risk. Previous studies have indicated that health status, as assessed by CAT and CCQ methods, has the capacity to predict COPD patients at higher risk of exacerbation events. 10, 37 However, there have been no studies comparing the ability of these assessment tools to predict exacerbation events.
In the current study, we found that, compared with the CCQ, the CAT is better able to predict future exacerbation events. The CAT is a one-directional questionnaire, whereas the CCQ is composed of three domains and is more heavily influenced by emotional states, such as anxiety and depression. 38 Although the CAT and CCQ are both 
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Jo et al homogeneous questionnaires whose results correlate well, the mental domain of the CCQ exhibits a comparatively weak correlation with the CAT, which contrasts with the correlations observed between the CAT and the functional domain of the CCQ. 33 The differences between the questionnaires themselves and the lack of additional analysis of each domain of the CCQ and subsequent consideration of psychological properties of patients might play a role in the superior predictive capacity of the CAT in our study. In addition, contrary to the CAT, there is no clinically defined threshold for "more symptomatic" in the CCQ, rather the makers of the assessment arbitrarily suggested using a range of scores from 1.0 to 1.5. This makes use of the CCQ difficult for both clinical practice and clinical research.
We found that a CAT score of $15 is a leading risk factor for exacerbation event, even after adjustment for covariates. We previously suggested that the recommended CAT threshold for "more symptomatic" ($10) did not agree with the established mMRC threshold for discriminating "more breathlessness" ($2); at the time, we suggested that a CAT score of $15 may more reliably predict exacerbation events during the follow-up period. 11 Similarly, Casanova et al 10 proposed new thresholds for the CAT ($17) and the CCQ (.2.5) to predict all-cause mortality in COPD patients. We also used a CAT score of 17 and a CCQ score of 2.5 in our cohort, but the ability to predict the exacerbation was similar with values we suggested.
GOLD guidelines suggest using a CAT score of 10 as a threshold to distinguish COPD patients who are at higher risk of exacerbation and poorer self-perception of health status. Because a CAT score of 10 is equivalent to an SGRQ score of 25, and a SGRQ score of $25 is uncommon in healthy persons, a CAT score of $10 is a highly acceptable and better threshold. Although we showed that a CAT score of $15 may be a better predictor of exacerbation in COPD patients, we are not advocating for immediate changes in clinical guidelines. Importantly, we have shown a discrepancy in reference points used to indicate health status and those used to predict exacerbation. Our findings suggest that there is a clear need to consider which assessment tools are appropriate to use during evaluation of COPD patients; therefore, further studies are needed in this area.
There are several limitations of our study. First, the current observational cohorts enrolled COPD patients who were visiting the pulmonary department in a tertiary hospital, rather than enrolling those patients directly from their primary medical clinics. Thus, our cohort may not represent all COPD patients. Second, many patients did not carry out CCQ interviews which resulted in a high dropout rate. It could lead to bias. Third, we analyzed 1-year exacerbation without mortality as a primary outcome. To evaluate the impact of health status on mortality, the follow-up duration would have been short. However, because our cohort utilizes an ongoing prospective design, further studies can be performed.
Conclusion
Our results showed that CAT, a comprehensive and simple health status questionnaire, has better predictive capacity than CCQ on exacerbation. Furthermore, a CAT score of $15 could be useful to classify COPD patients into higher risk of exacerbation or not. This suggests that new clinical threshold of CAT might be more useful to assess future risk of exacerbation in patients with COPD.
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